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^ (54) TlOe: FLUORESCENT PROTEIN 
^ (54) «ISa)«»i: SjfeSaS 

^ (57) Abstract: A novel fluorescent protein derived from favia favus, which fluorescent protein exhibits the following characteristics: 
J2 (1) excitation maximum wavelength of 507 nm; (2) fluorescence maximum wavelength of 517 nm; (3) molar extinction coefficient 
at 482 nm of 80,000°, (4) quantum yield of 0.68; and (5) pH sensitivity of fluorescence maximum being stable at pH=5 to 1 1 . 
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(57) «%Qa(DS»l^. X7KH:^^>W^e/ (favia favus) lCA3K-r«. IRWSilk^mi^mm^'thZ.tX 

*«MlCcfcnff. :^7H5 + ^>-fe/ (favia fevus) ft JfeOTKa)**^**^" «»itil6H/)<titt*+l'5o 
(1) aEa:^aSA<5 0 7 nm-CfeS ; ( 2 ) a3tffi*:a«36<5 1 7 n m-CfcS ; ( 3 ) 4 8 2 n mlCfcMt*^ 
;i/?a3t«!S)b<8O0OO-efc4 ; (4) »^l|X$}b<0. 68-efcS; (5) Sitffi^a)pHBai4A<pH = 5- 
1 1 X^^V&i : 
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;i-fi^ (favia favus) A5l5<Dff^|J5;^3tSe®S.U«^<O^JffilC|5-t5„ 
^y^(D:x.^:t\^T'}^*^V\)T (Aequorea victoria) iC^^i: ^m^^^Si 

e« (GFP) a. ^mm^i5\'^x^<<Dm^^^-r^o yy^j>>^i^m 

i t^^-^m^ (semi-rational) ^«^^B&(cS<5V^T.-fe^^jb $ 

♦ 

Mi:hX<^m^tl^GFP^m^(D-'OtVXM^1kytm}^M (YFP) ;6S^ 

^^1"o ::*:^^^OYF p co £ jaitFO fi, ^Mfi 60, ooo~ioo, ooorW 

t)5 0. 6~0. 8 "Cfe !9 (Tsien, R. Y. (1998). Ann. Rev. Biochen. 67, 509-544). 

•^it. GFP^mw-<Dm(omb\.x^ i^rym^m^M (cfp) -A^h^. e 

CFP (enhanced cyan fluorescent protein) ;65:^6)iT/TV^So ^l/tx ^ 

f^-V" ^ (Discoma sp. ) h it^'^^^W 6 S (R F P ) ^Hl § ^xT*5 »J s DasRed 
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^^myt. :^-<iy (faviafavus) iClftJl^-rSx mW£.1k%WUn^ 

ymSa3?iJ<Dlf^tcS<5VNT05i«:y7-l'v'-SrigH-L. :^Jj?$#^^-r'> (favia 
PJ#e>{i. #^ttfc;^JJ?^=3j^j5'p?-1'iX (faviafavus) A5fe<^^3t®e®<^^3fe# 

fiP*). *^B>g{c:j;^(^. ;<.JJ?^:¥:J'^-Ci^ (faviafavus) *5jlOTIB<D#<4^ 

( 1 ) 5 o 7 n mXh^ ; 

(2) it^®:^ig[;ft;6S5 1 7nmT?fcS ; ... 

(3) 4 8 2nm{c::}ott5^;VM^I^;aS8 0 0 0 Q-efe^S ; 

(4) M^Wt^O. 6 8-e&-5 ; 

( 5 ) ^tftmiZ(D p H^S14;55 p H= 5 ~ 1 1 T-^^T'fe 5 : 
( a ) IB^iJS-^ 1 (CE^<^T ^ y ^SB^J ; 



2 



wo 2004/111236 



PCT/JP2004/008790 



( a ) mm-^ 1 ^ y mm x\t. 

1 9 7#g<DT^y^^S-CfeST;V=3f=y^ci-Yi/>'{C, 1 9 8#@(DT^y 

( a ) ia^ij#-^ 1 \z.mWL(o T^y mmH xa. 

( b ) mm-^ 1 KBm<oT ^ y ^BBa^JJtJidsv^-c 1 t^ibW:m(OT ^ y 

mnoT ^ ym^^xh^ y y -^^K, 4 oss^DT^y^a 
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( a ) ia??lj#-^ 1 iclB^O T ^ y ^SB^J ; Xfi. 

( a ) SB91I#-^ 1 fclB«©T ^ / ^SB^J^a- Ki" ^5 D N A ; 
A : 

( a ) E^J#-i- 2 l;i|B^OJtSffi^J ; Xfi^ 
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(a) WMm^l 3. 15. 17. 1 9Xtt2 1 {JllB^O^iB^J ; Xtt. 

( b ) aa^lJS-^ 13, 15. 17, 19X{t21 ^C^^<^mS@^^l|{^:^oV^T 1 f)^ 

5>{;^SiJO<ilMlciM, Green ;?)^e> Red -^i^^^ttSr^lt^fe^ 

t ^-^tf , m3t#ttSr Green i)^ bKed^t %mki^^^iZ.^^-Qt fiK 

:*:^Wc^$ e)(CjSiJ(^iiffi(e:itl/«. Green d^b Red 1 
T $ 7 ^tt^^^T 5 :i t Sr-ttPx ^%<WB^ Green Red i 
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( 1 ) iBjiM©@B^j#-§- 1 },cuM(DT $ /^sa^j^^-ts^^ge^o 6 2#g 

(2) iB^iJg©iB^J#-^ 1 (c|B^(^T ^ y ^ia^J?rW1-'5^)fcMeK<^ 1 o#e 

( 6 ) gB^J^©jSB^J## 1 {CIBJi^T ^ y i^BB^J^^f -5 ^^Se jC<^ 7 0 # g 

( 7 ) @B^M©aa^j#-^ 1 Kuw^tDT ^ y w&n^^-t ^^ytm^w<o 1 1 9 # 

( 8 ) mim<Dm^m^ i \z.mM<oT z / min^^-t^^^s&^(D 1 4 4# 

( 9 ) mM^<DmM^-^ 1 \z.mM(DT ^ j ^wM^^-t^wtm.u%.(o 1 9 7# 

(10) iB^m<?3ia»^ 1 M^oT 5 /MiB^J^^i--5it^MfiH(0 1 9 8 

< i: 1 m±®T ^ y ^fiife^rfr 5 i: ^"^tf. Green Red 

( 1 ) ffi^j^<^@a?ij#-^ 1 (3:iB*fe©T 5: y msB^ysrW-r-sm^tegeKo e 2 # g 
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(2) mmm(Dmm^^- 1 lenB^or ^ / mmn^^i-^m^mj^no 5 4#i 

(4) SB^?im<Dffi^iJ#-^ 1 ICIB^OT ^ y mim:^-t^^^m^M(0 8 7 #S 

( 6 ) ia2?iJ^©gB^J#-^ 1 ((iia^OT $ y ^SB^ysr^tl-'S^^feseWf^ 1 0 9# 

<0 $ \zM(n>mm:. ^ tbfix Purple h Blue ^ t m^#ttSr^MI*^fe 
<n>T ^ /SSeJfeSrtr ? ;i i: ^-^tf. Purple 36^^ Blue 

(2) BB^M(^iH2?iJ#-i-lJ::|E^OT5y^EJiJ^^i-'5^^ge»0 6 2#g 

( 4 ) mm<r)un^^uzMM.(or%; mun ^ w-t- ^ ^3ts e 1 9 e # 
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( 5 ) E^iJ^o|B^J#-§- 1 KmM(Dr ^ / ^ffi^J^W-t^^3fege®<^ 1 9 8# 

initio :^^m(07>:^^^^ (favia favus) ^^(D^^M&M (KkG) 
m2}t. :^^m(D:^:^^^^;^^p' (favia favus) lM^(DWL%m&M (KkG) 

Al:KkG!g!ilDi;^^:J' h/V 

0 5 {i. • HelaMT'(^m?t3&^(^it|Sc^^i-„ 

B : HeLaM-eO^m 

475AF20/530DF35 exp Isec Dichroic mirror 430DCLP 
Xenon .75W ND 10%T XIO UplanFI NAO. 3 

Heft, m.t^h^^(om.^tm^^<D\m^^iro 

A : UkGm%^<Dm^ B : KikGR^mJ^li^ <om^ 
C : Kaede|^3l6litOji^ D:Kaede|§^^l30lii^ 
Green 475AF20/530DF35 exp 50ms 
Red 550DF30/575ALP exp lOOms 
Violet 400DF10 exp 100ms 
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Dicroic mirror : 430DCLP 

Xenon75W ND10?4T 
Bin4 CoolSNAP HQ 
X40 UApo340/NAl. 35 

(GratingCD2^5fe^^< t^) 



(1) ^mM<D^^m^K 

:^^m<0^^m&Wtis (favia favus) *5l5©t)<^Tfe U , 

(1) mUUizi&M:i!}^5 0 7 nmVh^ ; ■ 

(2) ^%miz^-S:f)^ 5 1 7nmX'h^ ; 

(3) 4 8 2 nm{c:*3»tS^/Ha^^^;658 0 0 0 ; 

(4) 1:^HRW0. 6 

( 5 ) ^%m:k(o p um^m^ p H = 5 ~ l 1 X^MXh ^ : 

^-{''y (favia favus) it, mil&WlW^1BAm:^WL^>^Mm^^ >^ 

:^mm<Dm^m}^ntt, OT^niii^-c^-t-ii 0 ^ mmwzmm^ 50 7 nm 

■Cfel?. ^)fe^;'^iS5:^55 1 7 nm-e&5o t.'^, 4 8 2 nmlCjott-S^/V®^ 
^icW: 8 0 0 0 0 -Cfe «J . 0 . 6 8 t?fc^„ ^/V'Si5fe^ic«^5fe:$H^ 
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( a ) m^m-^ 1 ij:ib«<^t $ / ^ia^j ; 

ti!i^x^^±x(Dm^^^^u ^^^m. mmmM. pH^^^^ti 

-r-^— ^IrictM^s ^tl^^F^^^X::^^^^^ (faviafavus) ftjfeOcDN 

■f?)DNA5^#5:ii:;6S-e#^o i:<^DNASr3i^i^£^3^^(J:^Ai-5:ii:{::J: 
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(2) 4i:^§^ODNA 

(b ) @B5ii#-^ 1 iciB^©T ^ ymmm^m^x i i^hlk^or ^ j m<ox^. 

( a ) ia^J#-^ 2 l;:|E«©:MiB?IJ?rW-t5 DN A ; XW:. 

(b) ia^J#-^2{c|a^©|gSiB^iJlJ::j3V>Tl;ei>feM<DmSO:5<C^, SJ^TJ^ 

:2{c^PJ©DNA{i, •0!lx:«Ji^:^*T^iJ^'i' h&^i^lcj;!?'^^^^^ r i:;6S-et 
#^6<):/7-<•v-^ffi^^;fc^^<y ^7— ^al^SiS (PGR) i;:j;oTSi3g 

■^il^fiN Molecular Cloning: A laboratory Mannual, 2'"'Ed. , Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY. ,1989 ^ SfeU^lCl Current Protocols in 
Molecular Biology, Supplement 1~38, John Wiley & Sons (1987-1997) {C|E<fe 
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(3) ^Ig^igoM^^X.^:^^- 

;^ • v/V hv'jicniy^ • T 5 9"—"^3ft'£-jF (Bacillusstearothermophilus 
maltogenic amylase gene)^ ^'^'f'/U:^ • V ^^^J'^^ ^ a T^7' — 
(Bacillus licheniformis alpha-amylase gene)> /'^^/W;^ » y^n]} 
V7y •BAN 7*^7 — "^S^-f" (Bacillus amyloliquefaciens BAN amylase gene)x 
/^'^-JVT. ' -t^f-V 7.-7 jViJ y 7° n 7" T — -^3S'g^ (Bacillus Subtilis 
alkaline protease gene) t> L < f4/^^/V;^ • :7°$/Vx^ • i/^—- ^jt-S^ 
(Bacillus pumilus xylosldase gene)(D7*a^*— tJ'^ ^;/tfi77*-^^ • 'yJ>^^<0 
Pj^L<f*PL7°ci*-i?. XmU<0 lac, trp ^U<(± tac :/D^-i5'/j:if^5 

T-1 (pi^c2^;^-^>r:^Jt^-?^) >^n^-;J'. %tz.\Vr J ^ 2^mi 
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t p i Ayo^— :?^£^;5JfcSo 

/v;;^ 5 E 1 b t> <D) > fe^^ ^^f-IB^J (^Rl S V 4 0 ^ Ixf-) 

*5j;0!SsR3i>'/^:/i^iB^J(^S|;t{^T7^y iJ^'f/'V;^ VA RNA $r3-K1-5^> 

Ritgicl- SDN AiB^j LT ^> i < . -ie (o—fiaj ^LTrisv4o Mijg^ (a 

;!&-ib-Cfi. mTUit^ KnU^V^iJ'iJ'— ^ (DHFR) 

(4) 
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S i^afla ^5 ^ ff b tl/^ 'S^k.\i. ■^y^n'^y(±:^ ' ±U}i' ^ya:. (Saccharomyces 
cerevislae)^fc(i1^5/;& • ^/V"f'^y (Saccharomyces kluyveri)^ 

i)%X^^o 

"^#5 (•^^X.f^x Baculovirus Expression Vectors, A Laboratory Manual ; Zit^ 
:iUUyY •T'n /WX'W ^^•■=e 1^^3.7^ •>'"^-l':^ni?—^ Bio/Technology, 
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6, 47(l988)^jC|B^)o 

(Autographs californica nuclear polyhedrosis virus)#^^ V"*S ^ k 
MAWi Spodoptera frugiperda (D§^^j^-^h^ S f 9, S f 2 

v-^T/K •aLxf^.^y— v^^.T^-K'^^/z-^^—CW. H. Freeman 
and Company)^ J^a.— a— (New York). (1992)]. Trichoplusia ni O^P^ilJia 
-CfeSH i F i V e (-r^'lf ^a^^J:>'^hM)^^^V^5C:i;&S•C#5o 

±w.(omMU^mt. $ tvfc D N A^^tf <o^m^ nrig(j:i--5 ^ft^Ttfii 
•e)j^^^*j§jfttf'T?^#-r5o ^^mmo^ytm-^m^^ 
^Mmmmt^iz.\t^ mn(omj^W(omm. J»M^feiSr^v^^^«J:v^„ 

—:^m<DUi^y:t^^^tcm^^y^^^ P-r h^yy^—^. S-SepharoseFF(7 
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(5) :^^m(D^%^^miku^ti^^tfm'^%mj^'M<Dmm 

R^^T5-i{-.i:D> <Dm^m. e s ^ =« - ki- a d n a ^^^i- § o 
K-r 5 D N A tif>i- 1> A^-r 5 o 

fciUv BffS©]8l5^^3feMeKt:=-Ki-5DNASr#5i:i:6STt5o J:<^D 
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FpNEOJ (P. Southern, and P. Berg (1982) J. MOl. Appl. Genet. 
1:327 ) ^ r pCAGGS J ( E Niwa, L Yamamura, and J.Miyazaki. Gene 
108,193-200(1991)), fpRc/CMVj (-f If h P ^ :^^hSS) , FpCDMSj (>fytfhn 

^i^^m jfe }f:ii^M^m^9 ^--cii. rpRS303j. rpBS304j, fpRssosj. rpRS306j. 

rpRS313j , rpRS314J , FpRSSlSj , [pRS316] (R. S. Sikorski and P. Hieter (1989) 
Genetics 122: 19-27), rpRS423j . rpRS424j , rpRS425j , rpRS426J 

(T. ff. Christianson, R, S. Sikorski, M. Dante, J. H. Shero, and P. Hieter (1992) 
Gene 110: 119-122) ni}^%mWi^m\^h^'^^ 

BalbC-3T3 ^ja, NIHSTSm, CHO (Chinese hamster ovary) HeUJM 
JIS, NRK (normal rat kidney) /IPJJS, TSaccharomyces cerevisiaej 

^^mm (E. coli) iSBsa^i i ^is-ct 5o 9 —<om^i!mr-(D 
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tE^nm^nmtLX ^^-r 5 ^ t ;6S -C # „ 

^ ha^-Kyr. /hJB&i*. aVi^v^fl:, :$^«J5./JnR ^/v:t=3f y-Ax^^if 

vxb 09) ^m^WS^^^W (ATTO xi^iJ'/W7<-i^T':^7^-f-) ;feif^ffiV^-C 
:^m^(0^^m&M(0-^^ M3t4 9 0~5 1 Onm, ^^5 1 0~5 3 On 
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(6) :^WM(D^iy h 

if^ffi V ^ 5 ^ i ;6S -C- 1 5, 



m 

( 1 ) total RNA <Ottai 

{favia favus) ^M^^lt^ i^^/^y^^XW^ ^ UMSc 11 ^7J^ 

K" TRIzol" (GIBCOBRL) ^ 15mlMx.XMWL. 1500Xg T? 10iJ-Kji»L''LfCo 
±*{C^l^D4^/^J^3ml^<t>;tv 15#M**^tfc^3:9-M#gU^o 7500 Xg 
T' 15 ^m^'b Ufco ±mi^-( y T'n/-?/ 3. 75 m 1 ^ < ;bx.. 15 U 
;rc^ lOiJ-Ki^EUfCo 17000Xg X- 10i^W3i>i>LfCo ±^^itT 70%at^/wW 
Sr 6 ml M^X 17000Xg t? 10 ^^fflj^'i^Uifco ±m^^Xtk^^ DEPC tK 200j« 1 
X-^^ UfCoDEPC T^X^Ml^ft total RNA ^ 100 tC^^ LT 0. D. 260 b 0. D. 280 
<7)iit^S:S!l^bXRNA^gg«r$!lofco 20Mg<^ total BNA ^#fc„ 

(2) First strand cDNA<D-^^ 

total RNA S/ig ^^fflL. First strand cDNA (D-^^^y Ready To 
Go" (Amersham Pharmacia) Id J; !5 cDNA(33 n 1) $r-^fife LfCo 
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> 

( 3 ) Degenerated PCR 

-^^Lfc First strand cDNA(33ja l)(OohZnl ^^Mi: LT PCR ^firofco 

5' - GGI WSB GTI AAY GGV CAY DAN Tl -3' (Primer l) (@B^J#-^ 3 ) 
5' - AACTGGAAGAAnCGCGGCCGCAGGAA -3' (Primer 2) (Sa^J#-^4) 
R=AXf4G, Y=CXtiT, V=A,CX(*G, D=A,GX}:iT 

PCR mi-^m^ 

■ v"yzfi^—Y (first strand cDNA) 3^1 



XIO taq ^.^yyy^ 5/zl 

2.5 mM dNTPs Aiil 

100 juM primer 1 1/u 1 

100 M M primer2 1 ju 1 

^yq 35m 1 

taq polymerase (5U/ ju 1) 1 ^ 1 
PCR SJ5&^# 
94*0 1 min(PAD) 
94*0 30 sec (§g14) 



52X: ZO s&c {^.^(0'fyy(^—(OT=--'))-y^) 
72'C 1 min (7*7^ 
72*^ 7 min (ft^O#;g) 

-Eg © pcR^>-c#6)tt;fciii|g]gi^ iM 1 ^x^'T'u- h i LTs 

i:ig.glfe#t?PCR;Srffo^ho 1tie.U ^m-:fv^'^-\t. 

5' - TGC CWT TTG CIT TIG AYA TIT TG -3' (Primer 3) {WM^^-b) 

5' - GTC ITC TTY TGC ACI ACI GGI CCA TYD GVA GGA AA -3' (Primer 4) (@a 
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3^J## 6 ) 

(4) •f-:f^x2--y^:sLXf^^mim(o^:^ 

tS^ (TGI) h7>':^7;j— i^a >'L.T7'/V— /l^!?-^ h-fel/^i^aV^frV^. 
av^3^:=:-0;^:Jl^j;^J plasmid DNA iSri^Mbt, Jf A^tl/ifc DNA 

fei^o^sia^Ri t JttS5 ui:-e<^ DNA ^sxiB^j^js^^tg e hco-x^h^ a^^^ 

(5) 5' -RACEife 

Degenerated PGR V^htlfc DNA SrJtO 5' M(Dm.^W.^]^^Mi'^fcmz. 
5' -RACE System for Rapid Amplification of cDNA Ends, Version 2. 0 (GIBCO BRL) 
^ffiVN-C. 5' -RACEfe^^TofCo ^irUTl) "CpMbfc total RNA 3 

DC-tailed cDNA©— mi ©iiililCfi . 
5' -GGCCACGCGTCGACTAGTACGGGIIGGGIIGGGIIG-3* (Primer 5) (@B^J##7) 
5' - HG TCA AGA TAT CGA AAG CGA ACG GCA GAG -3' (Primer 6) (@B^?lJ## 8 ) 

niHi@oiii|ig(cj:i 

5' -GGCCACGCGTCGACTAGTAC-3' (|BJU#-^9) 

5' -GTC CAC CCT CTA CGA CTT TGA GTT CCA TAT -3' (iaa^J#-^ 1 0) 

©yy-T-v-^^VNito PCRSits^#^{:i=¥5' Y(Dzfxx h /H::2pCfCo 

TUxi-T. li^i $ ixfc 700 bp co/-^ V Ki£r§j !) a L .iWii uyto 

W^X^tr. DNA if>ltiSr pT7-blue vector (Novagen) {Cy-f -/^v^a ^^Ufc. 
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(TGI) h7i^;^7;4— — >3i^LT7'/V'— ^!7-T h±l^^ i^3l^^^\/\ B 
V^=ll3rzw-o;k:J^^J:!5 plasmid dM^WMLX, WX^tlfcdmm)i(DM^m 
m ^ DNA ^ ^ i^f— X^^M UfCo 

(5) {cJ;?)#btbfcMe<o N Mmc^^ir:b^^'^z^y^-9'-^Ymv. c 

sfdll/^-r-v-^^ffiLT, (2) "CPSii Ufc First strand cDNA 
t:^t bTPCR^SrfTo;/t„ 

5' - CCC GGA TCC GAT GAG TGT GAT TAG AWC AGA AAT GAA GAT GGA GC -3* 
(Primer?) (ga^J#-^l 1) 
PGR RJ^MM 

T'yzfl^—V (first strand cDNA) 3^1 



XIO pyrobest /^yyy— 5 /z 1 

2.5inMdNTPs 4iul 

100 M M primer? 1 1 
100/zM =?dT7'7^v— \n\ 

^UQ - 35^1 



pyrobest polymerase (5U/ /i 1) 1 iii 1 

PGR 

94t) 1 min(PAD) 
94*0 30 sec (^i^) 

52*0 30 sec (ilSl'^0:7'7-Y-^-©T::i— y i^^) 
72'C 1 min (y^-T-^— #S) 
±|B 3 T'^ 30 ^ /V^To fCo 

72^: 7 min (ft=^0#;S:) 

4^: 

T;«fn-y^'J^/V©m^^»-C% ii'li$tLfc:J^900bp<D/^>'K^^l9tiiU. 
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bX pRSET vector (Invitrogen)®ifefflH I , Ecd&. I ^^{C-fZfi^ o— =:x:/LTv 
i^mm^ (JM109-DE3) -Clgm^-^fco i^tz.-fy:^^ Ki^lHlilXL, #A§tbfci^:^ 

IS^Sei* N His-tag ;6S#< J; p IC3 i^;^ h y h Lfc^-C^mSS H 

Ni-Agarose gel (QIAGEN) U;foo Mii<0;^£fefi#Ji(^:/n h =i-/VtJ:2pi;fc„ 

(7) ^3fe#tt<^^*f 

(KkG) (^PBS^^^^ffiv^■rTO;^^^}' h/v^as^Ufco ^:<o;:<. 

febtb, 450 nmtCjSJtSW^S 0.005 i 5 (cm5tga^±|a<^)^®?g'C^ 

4RUT.450nm T-ib^Lfc^©^^;^^^ hyViS:S!i;tUfc(0 l)oEGFP(CLONTECH) 

^lll^lc450ninlc:fe»t5Pi^ilX;aso.oo5 ir^fes J; 5 h/v^i!l^U. 

EGFP (DM^U^^ 0.6 t L-C>}s:|§eg(OgeM<^l:^MSr^i?>^, J^;!^^ 1 iz. 



1 















75/^^ 


KkG 


507nm 


517nm 


80000 (482nm) 


0.68 


DH5~117fSS 
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(8) pH^Sti<^?l!l3£ 

^ pH ©M^^tiisfcoa t) . 

pH4. 5 : mw^yyr- 

pH6 : MES/^y7T^ 

pH7 : MOPS 5/7 7- 

pH8 : HEPES Ay^T — 
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pH9> 10 : v':^/^y7T — 
pHll : 

(1) Green Red imi^mRX^mt/t) M6!c#6^ {c^^-e 
Green Red -^t^%!^iSE^tftmM^^miZ.m^-V^iS:\,^^ytmBM^G <0 

62#S(^)7;^/^°7=3?i/^ (D) ^\i7.'^i:^y (h) icg^-t'S^itieiJ; •?> 

e SC KkG Green b Red t ^mit^#6<J \Z.^^V t S fiS 

(KKH) (KKH (DT ^ / ms,n^m^m-^ 1 2ij:^u M&m^i^m^m-^i siz. 

^©Red(D^^^Jfeo^i9-(^@ill5t (583nm) (DttiP^^fo ^^M^K KkG 40 

(M) ^/^y (V) (C, 62 #g <^T;=^/-?7=¥>'^ (D) ^t;^ 

^i^y (H) ic, i98#g(Z)'i'yp>f i^^- (I) ^7^^;^-=.:/ (M) icgtfe-f 5 

{J:J:!?M^i^tt%Green;5^f>Red--.i;3fefi^|^^#6<J{2:-et5^3fegeK (KKH) J; 
^t^^^^<om^\ 0*9, PV^^-e^3fe#tt^S^ Green Red '^iilSI^ITt 

^^^mBM (H8PV) (H8PV (^T^ymiB^'J^iB^'m-^i 4{;i^U ilSSH^J^ 

^^^eKKkG© 10#g<^7f^:t=i^ (M) ^-^yn^i^i^ (I) 12 #g 

c^p^i/:/ (L) Sr^^yi/ (V) ic, 40 #g<^^^;*-=:/ (M) ^/<vy (v) ic. 

60#g(O/^yi^ (V) ^r9::^y (A) {Jl. 62#S<^T:^/-?7^>'^ (D) Srt:^ 

^i^v (h) te:. Ii9#g©^i3ey^ (Y) ^T:^^<7^y (N) (c, i44#a<D7' 

py^- (P) ^±])> (S) {j:, 197 #@<DT/V^-i^ (R) ^n'<i^>' (L) IJI, 
198 #g0^yn-f i/i/ (I) (M) lcE^t-5::i;{Cj; tJ^^iittt 

Green b Red i ^RRlt^#6<3 "C t -5 6 If (H8PV) J; 9 t) ^^Ste 

<^iftV\ 0*«?^ ^VN3feT-^^#tttr Green Red --^^^•CtS^^fcgea 



24 



wo 2004/1 1 1236 PCT/ JP2004/008790 

(H38PVLM) (H38PVLM (DT^ySgBa^lJ^iB^J#-^l 6 t^U. *i^gB^J2riB^J# 

(M) ^/^yy (V) ic, 60#g<D/^yy (V) ^Tv^y (a) ic, 

■ 

62#@ot:^/'«7^>^ (d) ^hp.'^i^y (H) 70#e©yt?i/ (k) 
/v^^ym (E) {c, ii9^B<o^vi-yy (y) ^T;^/N'7=3?y (n) i97#g 

(OTJV^=-y (R) tr^/V^^^- (Q) 198 (D^ yn^i^y (I) ^^^5=-;^ 
= (M) KmMrt^ r ^ ICi t) Green 36^ f> Red ->.i:3feMW^#6<3{Ct? 

#Sm3tMe« (H38PVLM) a: !9 tj3fc^^tt<^rSVN, o^t)^ HV^^-e^^^tt^ 
Green d=> Red ^ ^^"^ 1 5 (KikGR) (KikGR O T ^ y ^ffi^J^iB 

JiJ#-^ 1 8 :^^E3?iJ^@HJiJ#-^ 1 9 {Ji^-T) ic-fs i: ;&sm3fe;/t (El 3 . 

@4)o 

EI 4 A3, A4 14 Green (517nm) ^tk^^^O^M (507iim) 
i «3 ^>!r Red ©^316 (593nm) ^iSli^U^(DmU (583nm) ;^^><r JJlli 

JPtyt;:: iiSr^-Tc IP^>> Green ib^h Red t^^#t4^MI*^#6^{C^^T* 

t ^devH£s<^s^geaT- KkG (^) 62 #i Kita^-T'ST ^ y ^,McW&ina-i?^^m 
y n-Wi&^iat'^ni^y, ^^Ki:oxif7:t.::^/\yTv=^y. hvyh^ry^ 

{^fi^-f^ ^ i(;i<i: . Green Red-^t3t^ltife#6<JtC|g^-et 

^1k^Wi^W^'0<V)tdi-::til^m^^o Green li^b Red 

<5 r $ y y (V) (C, -^itott^seKT'KkGco eosgtcti^i-ST^ 
ym^ry=^y (a) ic, •&^©^7fe®eKT-KkGO70#@ic:^^-r'5T^y® 
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i^V (L) *fc{*^/Vt?^^^ (Q) IC, 'tticO^^geW-^KkGOlQS^gJcitB^ 
Sr-^tf ^3fe#14^ Green ^, Red ^ ^5 ^ 

^#tt;Sr Green H^h Red -^i^Jfe-Ct Sm^g^K^^^lSl-r-S ;i 5 „ 

Green ii^h Red -^i:^^#tt?lrMlt^#6<JlJ:^^-Ct S^^MSK Kaede t 
KikGR ^;'<;iiia-^|iim^"^itiU5-t:<5 KikGR (0:^1^ Green $ %mm'&. 

i;:5S^$tl/fc(|2l 5A)oKaede b KikGR (^ft^^^ HeLa 
MmzMX\^?m-^^^ h . KikGR ©fS 5 Kaede J; !9 t#-< ^3fc^^ bfc (0 
5 B)„*;^c. HeLa jiiiaT*^m§*:fc KikGR t Kaede ^IrMltlJli «l^-e Green 
;&^f> Red {C^3t#ttS:^<b;§-e:fci:t. KikGR J± Kaede lC|^'<T|| bd^iCit< 
Green f)^h Red $ Ik^^m^^^'^^ k 

$tl/fc B, C, D)o o:^ Kaede h KikGR <^T 5: /^SB^JSrttlJEUfci: 

tic, ym2)5itoTV^5^aJ:$>tt KikGR i:I^CT^/ifee^(j:J;0> Green 

t^m^^^hMo jiMo^^mBMX- KkG <o 62 #g ic+i 

^-rST^ym^ty^^i;?:^ (H) {c*JfeUfcfc©(;:. -ft^o^^feSSW-e KkG 

KkG0 69#glC+i^1-ST$y^^/^y >- (V) ^1iC(7>^3feSfi®'X? KkG (Z> 
ST^nK^^-t^T^y^^i'ni^y (Y) {C, •^E<^^7fegeMt'KkG <D 93 # 
@(C^S^-r-5T^y^*;^5^;^=:/ (M) {C, 'liE©i^^ge®-CKkG(D 109#@ 
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i;: J: 19 s Green ii^h Red «j , :t^3li 

(2) Purple Blue -.i ^^#14^^ 

Purple ii-^h Blue -^i:^3fe#ttilr3tm^#6^(j:^^-e# J^^v^m3fcSeK KkG 
©60#S©/^y>' (V) ^T'y^-^ (A) {j:, 62#SOT;^/^•7=¥v^ (D) 

JJi^y (G) {C, 63#S<D5^nv':/ (Y) ^tJ^^v?:/ (H) {C^ 197#@©t;^^ 

s^V' (H) ^ct^e^>' (L) \z.^ m ^u<o-( yxi^i^y (i) ^hi^:^-:^:^ (t) 

\Z.m.^-t^ :itKXK), '^%mBW KkG 0^^#i4;|r Purple (380nm) Blue 

(450nin) -^t^MM^^^i^^^-^^ ii^ytM^M (Kbi2) -^i^iiM^^^b-TS 

r i^mMit (Kbl2 or $ y ^iB^J^@B^J## 2 0 ic^ l^iH^iJ Sria^iJ## 

2 llC^-f-) (0 3. 0 7, |gl8> 0 9)o o^t), -(^S^O^^MfiS-eKkGtOeO 

iJi^a^-r-ST^ymiSr^yi^v (g) {c, BMo^^m^^-^n^iGoezmm^^ 

a-r5T^ymSrb;^f^e>V (H) (CI. •fc#<Z)^^m6®-X?KkG<^196#i{!:*B^ 
•t'5T$/^^n^->Xi^ (L) -ftitO^^SeW-eKkGc^ 198#g{C^i^-r§ 
T $ y h 1^:^=1 y (T) Icgjfei-S ^1 i iJl J; •? , * fe. laiBT ^ y Mgm<^^i5r 

^: Ki:oX^%!^B^ Purple 3&»e> Blue ^^;Mlt^#fi<}«ifeT- 
^ISI^ICj;?), ;^3j?^dr^7<-<i^ (faviafavus) ^^(OmM^^^W&Mt^U 
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1. ^ ^ ^ ;^ ^ (f avia f avus) ^ 3tE©TIB<Z)#|4^^'t- S 

(1) BMUi^^^-d^SO 7 nmi*h^ ; 

(2) 5 1 7 nm-Vh^ ; 

(3) 4 8 2 nmtJ:*3tt5*/V!K^^ic>6S8 0 0 OOVh^ ; 

(4) i:^JUl^;5S0. es-Cfc-S; 

♦ 

( 5 ) ^%m:k<0 p U^m^ p H= 5 ~ 1 1 -C^^tffcS : 

■ 

( b ) E^J#-^ 1 {cia^oT $ J mm\z.^\^x i hwm(n>r x ; m.<DX^. 

( a ) SB^J#-^ 1 {CIB^OT ^ y g^Sa^J ; 

4. ^TO{Rrtid»©T5 y^lB>?iJ}J:*5V^T4 0#SOT^yMSl?fc'5p« 
'r:i'=^y^/<V yK. 6 2#i(^T^y^a^T♦fe<5T;^/^•7^*;x^^l:;J^^i^ 

( a ) ia^j#-^ 1 \cmm<o T ^ y miaa?« ; x«> 

4 0#@©T^y^3^S-Cfe5p«f-;^=:y^lr/^]; VIC, 6 0#@OT$y 
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1 9 7^n(DT % y^m^X'h^T/\^^=^y^^/>^ ^yK, l 9 8#gC^T^ 

ymn&xh^^ y tiy{ i^y:t;^^:^=^y\:LMMvfcT^ / mmm^^ir^ik^ 

( a ) @B»-^ 1 izmmo r^y mmm ixHs. 

(b) iB^J#-^ 1 (j:1B^©t ^ /^IH^Jfc*5V^T 1 f)^hWcB(OT X y ^(OX^. 

m^Ru/xitHM^^ir^ r^y mmi\^mu ^^t^^-rs T%y mmn 

y y^T7:^yKs e 2#S<^T^y^aS-Cfe5Tx^/-«7=¥y^^:J^y 

asx*&st;^f^v?:/^ci^e/^^ic, i 9 8^u<oT^ym.B^xh^^ yn^ 
( b ) ia^j#:^ 1 \z.w.w.(or K y ^ia?!l^^:*3v^T i f>i^^©T ^ / mox^. 



30 



wo 2004/111236 PCT/JP2004/008790 

9 . gJI.T<^{sjtld>(^D N Ao 
( a ) ia?lJ#-^ 1 IC|B«(DT 5 y ^la^lj^ 3 - K-r S D N a ; Xf*. 

( b ) mmm-^ i i^mor ^ yminK^\/^x i hM(DT ^ / mox^. 

A : 

(a) ffiJiJ#-^2tJ:|B«©JgSE^J;XW:. 

(a) @a?IJ#-^l 3. 15. 17, 1 9X\t2 1 lC|E^(Di^^ia^J ; Xit. 

(b) ia?lj#-tl 3. 15, 17, 1 9X«2 ltJ:|Bife(DmS^a?IJlCi3V>Tl;J* 

13.. |f^:S8 1 1 <Di^tlii^iZ.mMODNAX^^^^ 1 2 {J:|BS<^iia 

14. M*^ld^e>7<^)ifirti<;ii»l^lBS©m^Me®iil&ogeS?i:;5*e>^5 

1 5(ciiE^<Diiii-a-^^ge®„ 
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1 8 . If 1 b 7 (D{^^MCW.m(D^^m&M. 8 7b^hll(Di^ 

1 9 . Green Red --i: t^^#t4^3fefi§t^^#fl<Jt^^T-t 

Green ;5^P> Red --t^m^^fi^Jl-^^-et ^mytmj^W^mtt :S>:^^o 

2 0. Greend*?> Red--i:m3fe#^4^MI^^#6<J^^:^^^•C§ JfcV^^^Se 

tt^. ^^m^^ Green d» b Red '^t S^^SfiS^SSi 

(3) iB^mcoiB^j#-^i icfB^oT ^ / mmm^^ir^^%mBS<D 1 2#g 

( 7 ) gB?ij^(^iB»-i- 1 iciB^or ^ y ^la^JSr^i-s^^SfiSo 1 1 9 # 

(8) mmm<omn^^iKmm<or^ymmn^^-t^^^mj^M(oi 4 4# 
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(10) gE^m©ia^j#-^ 1 K^moT 5 y mia^j^wi-sm^fes &m<o 1 9 s 

2 1 . eKt^^3V^T. TIBOfi^o 9 t>Oi!>75: <t%il U±(or ^ J 

W.Wtrs O^h ^"^tf . Green Red \Z.%,%f^^^^m' ^"^m^ t) x 

( 3 ) IB <z)ia>?o## 1 \z.%m<or ^ / ^S3>?y ^^i-'5^^se!R<o6 9#g 



(4) SB>?iJ^cD|Bi?iJ#-^ 1 K.%Wsn>T % y ^@Ba?!l^^-rS^7tSe®<^ 8 7#g 

(5) ga^J^<^SB>?iJ#-t 1 fclB^cDT ^J^mW^-t^^%W^%(0 9 3#g 

( 6 ) iB^J^<Z)SB^O#-^ 1 \Z.WM.(OT % / gliB>?IJ^^i-'5^^SeK<^, 1 0 9 # 

( 7 ) SB^iJ^coia^iJ#-t 1 \z.^^(or % J ^@B>?iJ?Sr^1-S^)fcgeK<0 1 2 1 # 

(8) ia^ij^o@a>?[i#-§- 1 (ciB«oT ^ /M@E>?'J^^i-5^7fe^eK<'5 1 4 o# 

2 2 . Purple Blue ^j^V^^3te; 
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eWfc*3V^T^ Tlfi<Z)aife© 5 h(O^P^j: <thl &.±.(07 ^ J ^g^Srfr o^}^ 

^^tP> Purple Blue S^^SfiW 

( 2 ) @B^mt^ga>?ij#-^ 1 tciB^<^T ^ / msBi^iJ ^Wi- 5 e 6 2 # S 
(4) ia>?ij^©sa^ij#-^i k:e^<©t5 /issB^j^^-rs^^seK© 1 9 6# 
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1^4 
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I 1 1 
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Kaede KikGR Kaede KikGR 



6 



KikGR 


PT7 


Kaede 


PT7 










*^ 


PT12 




PT12 




PT18 




PT18 
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6 



B 



2500-1 



t1 




2500 - 
^2000- 

* 

SLisoo^ 
c 1000 H 

<D • 



500- 



0^ 



t2 




0) 

CD 



0) 



t1 


t2 
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M 7 
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SEQUENCE LISTING 
<110> RIKEN 

<120> Fluorescent protein 

<130> A41348A 

<160> 21 

<210> 1 

<211> 227 

<212> PRT 

<213> favia favus 

<400> 1 

Met Ser Val He Thr Ser Glu Met Lys Met Glu Leu Leu Met Glu Gly 

15 10 15 

Ala Val Asn Gly His Lys Phe Val He Thr Gly Lys Gly Ser Gly Gin 

20 25 30 

Pro Phe Glu Gly He Gin Asn Met Asp Leu Thr Val He Glu Gly Gly 

35 40 45 

Pro Leu Pro Phe Ala Phe Asp He Leu Thr Thr Val Phe Asp Tyr Gly 

50 55 60 

Asn Arg Val Phe Val Lys Tyr Pro Glu Glu He Val Asp Tyr Phe Lys 
65 70 75 80 

Gin Ser Phe Pro gIu Gly Tyr Ser Trp Glu Arg Ser Met Ser Tyr Glu 

85 90 96 

Asp Gly Gly He Cys Leu Ala Thr Asn Asn He Thr Met Lys Lys Asp 

100 105 110 

Gly Ser Asn Cys Phe Val Tyr Glu He Arg Phe Asp Gly Val Asn Phe 

115 120 125 

Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Pro 
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130 135 140 

Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Yal Leu Lys Gly Asp Val 
145 150 155 160 

Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 

165 170 175 

Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 

180 185 190 

Phe Val Asp His Arg He Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 

210 215 220 

Leu Ala Lys 
225 

<210> 2 
<211> 684 
<212> DNA 
<213> favia favus 
<400> 2 

atg agt gtg att aca tea gaa atg aag atg gag ctg ctt atg gaa ggc 48 
Met Ser Val He Thr Ser Glu Met Lys Met Glu Leu Leu Met Glu Gly 

15 10 15 

get gta aac ggg cac aag ttc gtg att aca ggg aaa gga agt ggc cag 96 
Ala Val Asn Gly His Lys Phe Val He Thr Gly Lys Gly Ser Gly Gin 

20 25 30 

cot ttc gag gga ata cag aat atg gac ctg aca gtc ata gag ggc gga 144 
Pro Phe Glu Gly He Gin Asn Met Asp Leu Thr Val He Glu Gly Gly 
35 40 45 
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cct ctt cct ttt get ttc gat ate ctg aca aca gta ttc gat tac ggc 192 
Pro Leu Pro Phe Ala Phe Asp He Leu Thr Thr Val Phe Asp Tyr Gly 



50 



55 



60 



aac egg gta ttt gtc aaa tac eea gaa gaa ata gta gac tac ttc aag 240 
Asn Arg Val Phe Val Lys Tyr Pro Glu Glu He Val Asp Tyr Phe Lys 



65 



70 



75 



80 



cag teg ttt eet gag ggt tat tct tgg gaa cga age atg agt tae gaa 288 
Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu Arg Ser Met Ser Tyr Glu 



85 



90 



96 



gac ggg gga att tge etc gee aca aac aat ata aeg atg aag aaa gae 336 
Asp Gly Gly He Cys Leu Ala Thr Asn Asn He Thr Met Lys Lys Asp 



100 



105 



110 



ggc age aae tgt ttt gtc tat g£ia att cga ttt gat ggt gtg aac ttt 384 
Gly Ser Asn Cys Phe Val Tyr Glu He Arg Phe Asp Gly Val Asn Phe 



115 



120 



125 



eet gee aat ggt cca gtt atg cag agg aag ace gtc aaa tgg gag eea 432 

' . ■ . . . • ■ 

Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Pro 



130 



135 



140 



tec act gag aaa atg tat gtg cgt gat gga gtg ctg aag ggt gat gtt 480 
Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val 



145 



150 



155 



160 



aac atg get ctg ttg ctt caa gga ggt ggc eat tac cga tgt gac ttc 528 
Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 



165 



170 



175 



aga act act tac aaa gca aag aag gtt gtc cag ttg cca gac tat cac 576 
Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 



180 



185 



190 
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ttc gtg gat cat cga att gag ata aca age cat gac aag gat tac aac 624 
Phe Val Asp His Arg He Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

aag gtt aag ctg tat gag cat get aaa get eat tec ggg ctg eca agg 672 
Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 

210 215 220 

ctg gcc aag taa 684 
Leu Ala Lys 

■ 

225 

<210> 3 
<211> 23 
<212> DM 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 3 

ggiwsbgtia ayggvcayda ntt 23 
<210> 4 
<211> 27 . 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 4 

aactggaaga attcgcggcc gcaggaa 27 
<210> 5 
<21I> 23 
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<212> DM" 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DM 
<400> 5 

tgccwtttgc ittigayati ttg 23 
<210> 6 
<211> 35 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 6 

gtcitcttyt gcaciacigg iccatydgva ggaaa 35 
<210> 7 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 7 

ggccacgcgt cgactagtac gggiigggii gggiig 36 
<210> 8 
<211> 30 
<212> DNA 

<213> /Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence: Synthetic DNA 
<400> 8 

* 

ttgtcaagat atcgaaagcg aacggcagag 30 
<210> 9 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 9 

ggccacgcgt cgactagtac 20 
<210> 10 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence*. Synthetic DNA 
<400> 10 

gtccaccctc tacgactttg agttccatat 30 
<210> 11 
<211> 44 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 11 

cccggatccg atgagtgtga ttacawcaga aatgaagatg gage 44 
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<210> 12 

<211> 227 
<212> PRT 
<213> favia favus 
<400> 12 

Met Ser Val He Thr Ser Glu Met Lys Met Glu Leu Arg Met Glu Gly 

1 5 10 15 

Ala Val Asn Gly His Lys Phe Val He Thr Gly Lys Gly Ser Gly Gin 

20 25 30 

Pro Phe Glu Gly He Gin Asn Met Asp Leu Thr Val He Glu Gly Gly 

35 40 '45 

Pro Leu Pro Phe Ala Phe Asp He Leu Thr Thr Val Phe His Tyr Gly 

50 55 60 

Asn Arg Val Phe Val Lys Tyr Pro Glu Glu He Val Asp Tyr Phe Lys 
65 70 75 80 

Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu Arg Ser Met Ser Tyr Glu 

85 90 95 

Asp Gly Gly He Cys Leu Ala Thr Asn Asn He Thr Met Lys Lys Asp 

100 105 110 

Gly Ser Asn Cys Phe Val Tyr Glu He Arg Phe Asp Gly Val Asn Phe 

115 120 125 

Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Pro 

130 135 140 

Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val 
145 150 155 160 

Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 

165 170 175 
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Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 

180 185 190 

Phe Val Asp His Arg He Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 

210 215 220 

Leu Ala Lys 
225 

<210> 13 
<211> 684 • 
<212> DNA 
<213> favia favus 
<400> 13 

atg agt gtg att aca tea gaa atg ^ag atg gag ctg cgt atg gaa ggc 48 
Met Ser Val He Thr Ser Glu Met Lys Met Glu Leu Arg Met Glu Gly 

15 10 15 

get gta aac ggg cac aag ttc gtg att aca ggg aaa gga agt. ggc cag 96 
Ala Val Asn Gly His Lys Phe Val He Thr Gly Lys Gly Ser Gly Gin 

20 25 30 

cet ttc gag gga ata cag aat atg gac ctg aca gtc ata gag ggc gga 144 
Pro Phe Glu Gly He Gin Asn Met Asp Leu Thr Val He Glu Gly Gly 

35 40 45 

cet ctt cct ttt get ttc gat ate ctg aca aca gta ttc cat tac ggc 192 
Pro Leu Pro Phe Ala Phe Asp He Leu Thr Thr Val Phe His Tyx Gly 

50 55 60 

aac egg gta ttt gtc aaa tac cea gaa gaa ata gta gac tac ttc aag 240 
Asn Arg Val Phe Val Lys Tyr Pro Glu Glu He Val Asp Tyr Phe Lys 
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65 70 75 80 

cag teg ttt cct gag ggt tat tct tgg gaa cga age atg agt tac gaa 288 
Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu krg Ser Met Ser Tyr Glu 

85 90 95 

gac ggg- gga att tgc etc gcc aca aac aat ata acg atg aag aaa gac 336 
Asp Gly Gly lie Cys Leu Ala Thr Asn Asn lie Thr Met Lys Lys Asp 

100 105 110 

ggc age aac tgt ttt gtc tat gaa att cga ttt gat ggt gtg aac ttt 384 
Gly Ser Asn Cys Phe Val Tyr Glu He Arg Phe Asp Gly Val Asn Phe 

115 120 125 

cct gcc aat ggt cca gtt atg cag agg aag ace gtc aaa tgg gag cca 432 
Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Pro 

130 135 140 

tec act gag aaa atg tat gtg egt gat gga gtg ctg aag ggt gat gtt 480 
Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val 
145 150 155 160 

aac atg get ctg ttg ctt caa gga ggt ggc cat tac cga tgt gac ttc 528 
Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 

165 170 175 

aga act act tac aaa gca aag aag gtt gtc cag ttg cca gac tat cac 576 
Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 

180 185 190 

ttc gtg gat cat cga att gag ata aca age cat gac aag gat tac aac 624 
Phe Val Asp His Arg He Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

aag gtt aag ctg tat gag cat get aaa get eat tee ggg ctg cca agg 672 
■ Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 
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210 215 220 

ctg gcc aag taa 684 
Leu Ala Lys 
225 

<210> 14 
<211> 227 
<212> PRT 
<213> favia favus 
<400> 14 

Met Ser Val He Thr Ser Glu Met Lys Met Glu Leu Arg Met Glu Gly 

15 10 15 

Ala Val Asn Gly His Lys Phe Val He Thr Gly Lys Gly Ser Gly Gin 

20 25 30 

Pro Phe Glu Gly He Gin Asn Val Asp Leu Thr Val He Glu Gly Gly 

35 40 45 

Pro Leu Pro Phe Ala Phe Asp He Leu Thr Thr Val Phe His Tyr Gly 

50 55 60 

Asn Arg Val Phe Val Lys Tyr Pro Glu Glu He Val Asp Tyr Phe Lys 
65 70 75 80 

Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu Arg Ser Met Ser Tyr Glu 

85 90 95 

Asp Gly Gly He Cys Leu Ala Thr Asn Asn He Thr Met Lys Lys Asp 

100 105 110 

Gly Ser Asn Cys Phe Val Tyr Glu He Arg Phe Asp Gly Val Asn Phe 

115 120 125 

Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Pro 
130 135 140 
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Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val 
145 150 155 160 

Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 

165 170 175 

Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 

180 185 190 

Phe Val Asp His Arg Met Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 

210 215 220 

Leu Ala Lys 
225 

<210> 15 
<211> 684 
<212> DNA 
<213> favia favus 
<400> 15 

atg agt gtg att aca tea gaa atg aag atg gag ctg cgt atg gaa ggc 48 
Met Ser Val He Thr Ser Glu Met Lys Met Glu Leu Arg Met Glu Gly 

1 5 10 15 

get gta aac ggg cac aag ttc gtg att aca ggg aaa gga agt ggc cag 96 
Ala Val Asn Gly His Lys Phe Val He Thr Gly Lys Gly Ser Gly Gin 

20 25 30 

cct ttc gag gga ata cag aat gtg gac ctg aca gtc ata gag ggc gga 144 
Pro Phe Glu Gly He Gin Asn Val Asp Leu Thr Val He Glu Gly Gly 

35 40 45 

cct ctt cct ttt get ttc gat ate ctg aca aca gta ttc cat tac ggc 192 
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Pro Leu Pro Phe Ala Phe Asp He Leu Thr Thr Val Phe His Tyr Gly 

50 55 60 

aac egg gta ttt gtc aaa tac cca gaa gaa ata gta gac tac ttc aag 240 
Asn Arg Val Phe Val Lys Tyr Pro Glu Glu He Val Asp Tyr Phe Lys 
65 70 ' 75 80 

cag teg ttt cct gag ggt tat tot tgg gaa cga age atg agt tac gaa 288 
Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu Arg Ser Met Ser Tyr Glu 

85 90 95 

gae ggg gga att tge etc gee aca aac aat ata acg atg aag aaa gac 336 
Asp Gly Gly lie Cys Leu Ala Thr Asn Asn lie Thr Met Lys Lys Asp 

100 105 110 

ggc age aac tgt ttt gtc tat gaa att cga ttt gat ggt gtg aac ttt 384 
Gly Ser Asn Cys Phe Val Tyr Glu He Arg Phe Asp Gly Val Asn Phe 

115 120 125 

cct gee aat ggt cca gtt atg cag agg aag ace gtc aaa tgg gag cca 432 
Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Pro 

130 135 " 140 

tec act gag aaa atg tat gtg cgt gat gga gtg ctg aag ggt gat gtt 480 
Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val 
145 150 155 160 

aac atg get ctg ttg ett caa gga ggt ggc cat tac cga tgt gac ttc 528 
Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 

165 170 175 

aga act act tac aaa gca aag aag gtt gtc cag ttg cca gae tat cac 576 
Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 

180 185 190 

ttc gtg gat cat cga atg gag ata aca age cat gac aag gat tac aac 624 
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Phe Val Asp His Arg Met Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

aag gtt aag ctg tat gag cat get aaa get eat tec ggg ctg cca agg 672 
Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 

210 215 220 

ctg gee aag taa 684 
Leu Ala Lys 
225 - 
<210> 16 
<211> 227 
<212> PRT 
<213> favia favus 
<400> 16 

Met Ser Val He Thr Ser Glu Met Lys He Glu Val Arg Met Glu Gly 
1 5 10 15 

■ Ala Val Asn Gly His Lys Phe Val He Thr Gly Lys Gly Ser Gly Gin 

20 25 30 

Pro Phe Glu Gly He Gin Asn Val Asp Leu Thr Val He Glu Gly Gly 

35 40 45 

Pro Leu Pro Phe Ala Phe Asp He Leu Thr Thr Ala Phe His Tyr Gly 

50 55 60 

Asn Arg Val Phe Val Lys Tyr Pro Glu Glu He Val Asp Tyr Phe Lys 
65 70 75 80 

Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu Arg Ser Met Ser Tyr Glu 

85 90 95 

Asp Gly Gly He Cys Leu Ala Thr Asn Asn He Thr Met Lys Lys Asp 

100 105 110 
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Gly Ser Asn Cys Phe Val Asn Glu He Arg Phe Asp Gly Val Asn Phe 

115 120 125 

Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Ser 

130 135 140 

Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val 
145 .150 155 160 

Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 

165 170 175 

Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 

180 185 190 

Phe Val Asp His Leu Met Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 

210 215 220 

Leu Ala Lys 
225 

<210> 17 
<211> 684 
<212> DNA 
<213> favia favus 
<400> 17 

atg agt gtg att aca tea gaa atg aag ate gag gtg cgt atg gaa ggc 48 
Met Ser Val He Thr Ser Glu Met Lys He Glu Val Arg Met Glu Gly 

15 10 15 

got gta aac ggg cac aag ttc gtg att aca ggg aaa gga agt ggc cag 96 
Ala Val Asn Gly His Lys Phe Val He Thr Gly Lys Gly Ser Gly Gin 

20 25 30 
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cct ttc gag gga ata cag aat gtg gac ctg aca gtc ata gag ggc gga 144 
Pro Phe Glu 61y lie Gin Asn Val Asp Leu Thr Val He Glu Gly Gly 



35 



40 



45 



cct ctt cct ttt get ttc gat ate ctg aca aca gca ttc cat tac ggc 192 
Pro Leu Pro Phe Ala Hie Asp He Leu Thr Thr Ala Phe His Tyr Gly 



50 



55 



60 



aac egg gta ttt gtc aaa tac cca gaa gaa ata gta gac tac ttc aag 240 
Asn Arg Val Phe Val Lys Tyr Pro Glu Glu He Val Asp Tyr Phe Lys 



65 



70 



75 



80 



cag teg ttt cct gag ggt tat tct tgg gaa cga age atg agt tac gaa 288 
Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu Arg Ser Met Ser Tyr Glu 



85 



90 



95 



gac ggg gga att tgc etc gee aca aac aat ata aeg atg aag aaa gac 336 
Asp Gly Gly He Cys Leu Ala Thr Asn Asn He Thr Met Lys Lys Asp 



100 



105 



110 



ggc age aac tgt ttt gtc aat gaa att cga ttt gat ggt gtg aac ttt 384 
Gly Ser Asn Cys Phe Val Asn Glu He Arg Phe Asp Gly Val Asn Phe 



115 



120 



125 



cct gee aat ggt cca gtt atg cag agg aag acc gtc aaa tgg gag tea 432 
Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Ser 



130 



135 



140 



tee act gag aaa atg tat gtg cgt gat gga gtg ctg aag ggt gat gtt 480 
Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val 



145 



150 



155 



160 



aac atg get ctg ttg ctt caa gga ggt ggc cat tac cga tgt gac ttc 528 
Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 



165 



170 



175 
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aga act act tac aaa gca aag aag gtt gtc cag ttg cca gac tat cac 576 
Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 

180 185 190 

ttc gtg gat cat eta atg gag ata aca age cat gac aag gat tac aac 624 
Phe Val Asp His Leu Met Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

aag gtt aag ctg tat gag cat get aaa get cat tec ggg ctg cca agg 672 
Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 

210 215 220 

ctg gcc aag taa 684 
Leu Ala Lys 
225 

<210> 18 
<211> 227 
<212> PRT 
<213> favia favus 
<400> 18 

Met Ser Val He Thr Ser Glu Met Lys He Glu Leu Arg Met Glu Gly 

1 5 10 15 

Ala Val Asn Gly His Lys Phe Val He Thr Gly Lys Gly Ser Gly Gin 

20 25 30 

Pro Phe Glu Gly He Gin Asn Val Asp Leu Thr Val He Glu Gly Gly 

35 40 45 

Pro Leu Pro Phe Ala Phe Asp He Leu Thr Thr Ala Phe His Tyr Gly 

50 . 55 60 

Asn Arg Val Phe Val Glu Tyr Pro Glu Glu He Val Asp Tyr Phe Lys 
65 70 75 80 
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Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu Arg Ser Met Ser Tyr Glu 

85 90 95 

Asp Gly Gly He Cys Leu Ala Thr Asn Asn He Thr Met Lys Lys Asp 

100 105 110 

Gly Ser Asn Cys Phe Val Asn Glu He Arg Phe Asp Gly Val Asn Phe 

115 120 125 

Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Pro 

130 135 140 

Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val 
145 150 155 160 

Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 

165 170 175 

Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 

180 185 190 

Phe Val Asp His Gin Met Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 

210 215 220 

Leu Ala Lys 
225 

» 

<210> 19 
<211> 684 
<212> DNA 
<213> favia favus 
<400> 19 

atg agt gtg att aca tea gaa atg aag ate gag etg cgt atg gaa ggc 48 
Met Ser Val He Thr Ser Glu Met Lys He Glu Leu Arg Met Glu Gly 
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1 5 10 15 

get gta aac ggg cac aag ttc gtg att aca ggg aaa gga agt ggc cag 96 
Ala Val Asn Gly His Lys Phe Val He Thr Gly Lys Gly Ser Gly Gin 

20 25 30 

cct ttc gag gga ata cag aat gtg gac ctg aca gtc ata gag ggc gga 144 
Pro Phe Glu Gly He Gin Asn Val Asp Leu Thr Val He Glu Gly Gly 

35 40 45 

cct ctt cct ttt get ttc gat ate ctg aca aca gca ttc eat tae ggc 192 
Pro Leu Pro Phe Ala Phe Asp He Leu Thr Thr Ala Phe His Tyr Gly 

50 55 60 

aac egg gta ttt gtc gaa tac eea gaa gaa ata gta gac tae ttc aag 240 
Asn Arg Val Phe Val Glu Tyr Pro Glu Glu He Val Asp Tyr Phe Lys 
65 70 75 80 

eag teg ttt cct gag ggt tat tct tgg gaa cga age atg agt tae gaa 288 
Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu Arg Ser Met Ser Tyr Glu 

85 90 95 

gac ggg gga att tgc etc gee aca aac aat ata aeg atg aag aaa gac 336 
Asp Gly Gly He Cys Leu Ala Thr Asn Asn He Thr Met Lys Lys Asp 

100 105 110 

ggc age aac tgt ttt gtc aat gaa att cga ttt gat ggt gtg aac ttt 384 
Gly Ser Asn Cys Phe Val Asn Glu He Arg Phe Asp Gly Val Asn Phe 

115 120 125 

cct gee aat ggt cea gtt atg cag agg aag ace gtc aaa tgg gag cca 432 
Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Pro 

4 

130 135 140 

tec act gag aaa atg tat gtg egt gat gga gtg ctg aag ggt gat gta 480 
Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val 
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145 150 155 160 

aac atg get ctg ttg ctt caa gga ggt ggc cat tac cga tgt gac ttc 528 
Asn Met Ala Uu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 

165 170 175 

aga act act tac aaa gca aag aag gtt gtc cag ttg cca gac tat cac 576 
Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 

180 185 190 

ttc gtg gat cat caa atg gag ata aca ago cat gac aag gat tac aac 624 
Phe Val Asp His Gin Met Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

aag gtt aag ctg tat gag cat get aaa get eat tec ggg ctg eea agg 672 
Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 

210 215 220 

ctg gee aag taa q^* 
Leu Ala Lys 
225 

<210> 20 
<211> 227 
<212> PRT 
<213> favia favus 
<400> 20 

Met Ser Val He Thr Ser Glu Met Lys Met Glu Leu Arg Met Glu Gly 

15 10 15 

Ala Val Asn Gly His Lys Phe Val He Thr Gly Lys Gly Ser Gly Gin 

20 25 30 

Pro Phe Glu Gly He Gin Asn Met Asp Leu Thr Val He Glu Gly Gly 
35 40 45 

19/22 



wo 2004/1 11236 PCT/JP2004/008790 

Pro Leu Pro Phe Ala Phe Asp He Leu Thr Thr Ala Phe Gly His Gly 

50 55 60 

Asn Arg Val Phe Val Lys Tyr Pro Glu Glu He Val Asp Tyr Phe Lys 
65 70 75 80 

Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu Arg Ser Met Xaa Tyr Glu 

85 90 95 

Asp Gly Gly He Cys Leu Ala Thr Asn Asn He Thr Met Lys Lys Asp 

100 105 110 

Gly Ser Asn Cys Phe Val Tyr Glu He Arg Phe Asp Gly Val Asn Phe 

115 120 125 

Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Pro 

130 135 140 

Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Val Leu Lys Gly Asp Val 
145 150 155 160 

Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 

165 170 175 

Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 

180 185 190 

Phe Val Asp Leu Arg Thr Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 

210 215 220 

Leu Ala Lys 
225 

<210> 21 
<211> 684 
<212> DNA 
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<213> favia favus 
<400> 21 

atg agt gtg att aca tea gaa atg aag atg gag ctg cgt atg gaa ggc 48 
Met Ser Val lie Thr Ser Glu Met Lys Met Glu Leu Arg Met Glu Gly 

1 5 10 15 

get gta aac ggg cac aag ttc gtg att aca ggg aaa gga agt ggc cag 96 
Ala Val Asn Gly His Lys Phe Val He Thr Gly Lys Gly Ser Gly Gin 

20 25 30 

cct ttc gag gga ata cag aat atg gac ctg aca gtc ata gag ggc gga 144 
Pro Phe Glu Gly He Gin Asn Met Asp Leu Thr Val He Glu Gly Gly 

35 40 45 

cct ctt cct ttt get ttc gat ate ctg aca aca gca ttc ggt cac ggc 192 
Pro Leu Pro Phe Ala Phe Asp He Leu Thr Thr Ala Phe Gly His Gly 

50 55 60 

aac egg gta ttt gtc aaa tac cca gaa gaa ata gta gac tac ttc aag 240 
Asn Arg Val Phe Val Lys Tyr Pro Glu Glu He Val Asp Tyr Phe Lys 
65 70 ■ 75 • 80 

cag teg ttt cct gag ggt tat tet tgg gaa ega age atg agt tac gaa 288 
Gin Ser Phe Pro Glu Gly Tyr Ser Trp Glu Arg Ser Met Xaa Tyr Glu 

85 90 95 

gac ggg gga att tgc etc gee aca aac aat ata acg atg aag aaa gac 336 
Asp Gly Gly He Cys Leu Ala Thr Asn Asn He Thr Met Lys Lys Asp 

100 105 110 

ggc age aac tgt ttt gtc tat gaa att cga ttt gat ggt gtg aac ttt 384 
Gly Ser Asn Cys Phe Val Tyr Glu He Arg Phe Asp Gly Val Asn Phe 
115 120 125 

■ cct gcc aat ggt cca gtt atg cag agg aag ace gtc aaa tgg gag cca 432 
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Pro Ala Asn Gly Pro Val Met Gin Arg Lys Thr Val Lys Trp Glu Pro 

130 135 140 

tec act gag aaa atg tat gtg cgt gat gga gtg ctg aag ggt gat gtt 480 
Ser Thr Glu Lys Met Tyr Val Arg Asp Gly Val Uu Lys Gly Asp Val 
145 150 155 160 

aac atg get ctg ttg ett caa gga ggt ggc eat tac cga tgt gac ttc 528 
Asn Met Ala Leu Leu Leu Gin Gly Gly Gly His Tyr Arg Cys Asp Phe 

165 170 175 

aga act act tac aaa gca aag aag gtt gtc cag ttg cca gac tat cac 576 
Arg Thr Thr Tyr Lys Ala Lys Lys Val Val Gin Leu Pro Asp Tyr His 

180 185 190 

ttc gtg gat ctt cga act gag ata aca age cat gac aag gat tac aac 624 
Phe Val Asp Leu Arg Thr Glu He Thr Ser His Asp Lys Asp Tyr Asn 

195 200 205 

aag gtt aag ctg tat gag cat get aaa get cat tec ggg ctg cca agg 672 
Lys Val Lys Leu Tyr Glu His Ala Lys Ala His Ser Gly Leu Pro Arg 

210 215 220 ■ 

ctg gee aag taa gg^ 
Leu Ala Lys 
225 
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